Arthrodesis is a salvage procedure for failed total knee arthroplasty with the intent to create a stable, pain-free limb on which to ambulate or transfer. For many patients, the alternative to arthrodesis may be an above-knee amputation. Available techniques for knee arthrodesis include compression plating, external fixators, and intramedullary fixation. The purpose of this study was to report the knee fusion rate of consecutive patients at 1 institution using an intramedullary fusion nail and to identify patient risk factors for fusion failure. Between November 1998 and November 2008, twenty-eight patients undergoing knee arthrodesis with an average follow-up of 18 months (range, 3-64 months) were retrospectively studied. Demographic information, presence of fusion, clinical function, pain level, and bone defect data were collected and analyzed. Eighty-two percent (23/28) of patients had radiographic evidence of successful fusion with an average time to fusion of 21 weeks (range, 10-58 weeks). When examining patient variables that could correlate with fusion rates, patients with an Anderson Orthopaedic Research Institute type 3 femoral or type 3 tibial defect had a statistically significant lower fusion rate. The intramedullary fusion nail is an effective device for knee arthrodesis that offers ease of insertion through the knee wound with the advantages of initial bone compression and rigid fixation. Although the use of intramedullary fusion nails leads to a high fusion rate, significant bone deficiency limits successful fusion.
A rthrodesis is a salvage procedure for failed total knee arthroplasty (TKA). [1] [2] [3] It is also appropriate for knees with inadequate ligamentous restraints, soft tissue deficiency, and defects following tumor resection and is a consideration in young patients with arthritis who are not candidates for TKA. 4, 5 The goal of fusion is to create a stable, pain-free limb on which to ambulate or transfer. In some patients, the alternative to arthrodesis may be an above-knee amputation. 6, 7 Techniques for knee arthrodesis include compression plating, external fixators, and intramedullary fixation, which include long antegrade or short modular rods.
Short modular fusion rods have several potential advantages over long intramedullary rods, including the ability to be in serted through an anterior knee incision, compressibility through the coupling device, avoidance of contamination of the entire femoral and tibial canal, and a favorable fusion rate (80%-100%). [8] [9] [10] [11] Some studies have reported fusion rates of less than 80%. [12] [13] [14] [15] [16] The purpose of the current study was to evaluate a consecutive series of patients from 1 institution treated with arthrodesis using the Wichita Fusion Nail (WFN) (Stryker Orthopaedics, Runnemede, New Jersey) and identify patient factors that are associated with failure of this fusion method. The authors hypothesized that identifiable patient factors would be related to a high failure rate of fusion using the WFN.
Materials and Methods
This retrospective study evaluated a consecutive series of 34 patients who underwent knee arthrodesis with the WFN between November 1998 and November 2008. Institutional review board approval was obtained. Patients were excluded from fusion analysis if they did not have a minimum of 3-month follow-up radiographs to evaluate healing of the fusion (n56 Tables 1, 2) . 17 Radiographic evidence of fusion was documented based on bridging trabeculae across the osteotomy site and was judged by an independent reviewer not associated with the surgical procedures.
Fisher's exact test was used to analyze the significance of variables comparing the successfully fused group to the nonfused group. Observations with a P value of .05 or less were considered significant.
surgical technique
Surgical implantation of the WFN was performed through an anterior medial parapatellar approach (previous incision) to the knee. The distal femur and proximal tibia were prepared to re construct the mechanical axis, defined as a normal tibiofemoral angle of 5° valgus, a rotational alignment such that the foot points forward with 5° to 10° external rotation, and full extension as dictated by the intramedullary position of the WFN.
The WFN instrumentation references on the cut surface of the femur and tibia. In patients with irregular distal femoral or proximal tibial defects, such as AORI type 3, positioning of the intramedullary rod can be difficult to align properly. Close attention to alignment and the femur-to-tibia coaptation is necessary. After reaming the canals, the femoral and then the tibial components were inserted and secured with transverse interlocking screws. Finally, the femoral and tibial components were linked with the coupling device, and the prepared bony surfaces were compressed. The need for augmentation with bone graft or orthobiologics was assessed intraoperatively. Typically, a patellectomy was performed, and the patella was morselized and inserted into the fusion bed as autograft.
results
Fusion, as observed by radiographic evidence, was achieved in 23 (82%) of 28 pa- tients. Average time to fusion was 21 weeks (range, 10-58 weeks). One patient was excluded from this calculation because he was lost to follow-up for nearly 24 months, but he was later found to have acheived fusion. Statistical significance was not achieved when examining the effect of demographic variables, allograft or orthobiologic use, and preoperative pain levels on fusion (Table  3) . However, when examining the effect of AORI classified bone deficiency on fusion, a femoral type 3 defect (P5.005), tibial type 3 defect (P5.041), or combined femoral and tibial type 3 defect (P5.008) had a significant effect on fusion (Table 4) .
Three patients required amputation. The first patient experienced persistent nonunion despite 2 revision procedures due to a recalcitrant infection with hardware failure. The second patient initially underwent arthrodesis after an infected TKA, but later developed a liposarcoma that was treated with resection and free flap coverage. Persistent and recurrent infections led to repeated debridements, which compromised the soft tissue envelope and led to infection of the arthrodesis site. The third patient had an infected TKA with soft tissue compromise that was treated with a rotational flap and arthrodesis. The flap died after arthrodesis, necessitating revision with a free flap that also failed. Thus, the patient was treated with an above-knee amputation during the same hospital admission as the initial arthrodesis procedure.
Two patients experienced dissociation of the central compression screw. One later underwent amputation and the other experienced delayed union. Radiographs demonstrated clinically asymptomatic backing out of the transverse locking screw in 5 patients; this did not affect bony fusion in this patient subset. Another patient sustained an arterial injury necessitating emergent vascular bypass, with subsequent uneventful healing of the arthrodesis. One patient developed a temporary peroneal nerve palsy following revision of a dissociated compression screw, which later resolved.
discussion
The current authors conducted a retrospective review of 28 patients with knee arthrodesis using the WFN and analyzed the early results. The study showed a 82% fusion rate with an average time to fusion of 21 weeks (range, 10-58 weeks), which is comparable with other published studies claiming fusion rates between 54% and 100% and fusion times averaging 16 to 29 weeks. [8] [9] [10] [11] [12] [13] [14] [15] [16] [18] [19] [20] [21] [22] When examining patient variables that could correlate with fusion rates, statistical significance existed in the failure rate of patients with severe bony defects, specifically in patients with type 3 AORI defects. Restoration of the mechanical axis was not maintained in patients with severe bone loss. In addition, 2 of 3 patients who underwent amputation had combined femoral and tibial type 3 defects, but only 1 amputation was related to a nonunion.
These observations emphasize the correlation between the degree of bony defects and fusion failure. The WFN fusion construct requires stable and properly aligned coaptation of the femur to the tibia. Major bone loss that does not achieve stability when compressed together was not adequately stabilized by the intramedullary WFN in the current series. The authors were unable to identify previous studies reporting a correlation between bony defects and fusion rates. Although no other correlations with fusion rate were determined in the current study, the authors concluded that the low incidence of nonfusions and consequent low sample size make objective analysis underpowered and the ability to draw other meaningful conclusions difficult.
The indications for knee arthrodesis have evolved and are now appropriate for knees with substantial metaphyseal bone loss, inadequate ligamentous restraints, multiple failed revisions, inadequate soft tissue coverage with extensor mechanism loss, defects following tumor resection, and infection with virulent organisms. 5 Successful arthrodesis provides a stable and sensate limb, which can be an advantage over amputation and resection arthroplasty. When successful, the procedure is effective in restoring mobility and function while relieving pain. [21] [22] [23] [24] [25] [26] Contraindications to knee arthrodesis include bilateral involvement or in the presence of an ipsilateral hip fusion. 18 The current study identifies a significant correlation with fusion failure in severe bone defects.
conclusion
The WFN is an effective device for knee arthrodesis that offers ease of insertion through the knee wound, with the advantages of initial bone compression and rigid fixation, as well as dynamization with weight bearing. Although high fusion rates with this device are reported in the literature, the current authors anticipate guarded prognoses in cases with AORI type 3 bony defects.
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